Abstract. Cerium dioxide (CeO 2 ) is a well-studied oxide because of its technological applications, such as a major component in the catalysts, stable capacitors and so on. CeO 2 with a cubic fluorite structure is also expected as the material for simulating behaviors of uranium dioxide under energetic particle irradiation, which leads high burn-up structure attributable to pressure increase in fuel cladding tubes. In this work, the stability of crystal structure and surface morphology change in CeO 2 will be clarified. Polycrystalline samples were irradiated with 300 keV Xe + , 18 MeV I 5+ , 350 keV O + and 12 MeV O 3+ ions at temperatures from 370 to 1000 K. Microstructural evolutions was investigated with Scanning electron microscopy, Raman Spectroscopy and X-ray diffractometry.
Introduction
The development of high burnup fuels is required to reduce the total amount of spent nuclear fuels and nuclear energy costs. Characteristics of high burn-up structure or "Rim structure [1] [2] [3] " are coarsened bubbles and subdivided grain, all of which result in FP releases, fuel temperature increase, swelling and so on. These phenomena are attributable to pellet-clad interaction and deteriorate the properties of nuclear fuels. Therefore, it is necessary to restrain the high burnup structure formation. There have been models for high burnup structure formation [4] [5] [6] . However, the formation mechanism still remains a matter of discussion because fuel pellets were usually investigated after irradiations. In this study, as a first report the effect of ion-irradiation was investigated. The purpose of the study is that surface morphology change and composition change of CeO 2 are clarified.
Experimental methods
High purity (99.99 %) CeO 2 powders was pressed and sintered at 1670 K for 8 hours in air. The bulk materials were cut into disks of 9mmφ × 1mmt followed by optical polish to achieve specimens for ion irradiations.
Ion irradiation has performed at TIARA (Takasaki Ion Accelerators for Advanced Radiation Application) in JAEA. The samples were irradiated with 300 keV Xe  + , 18 MeV I  5+ , 350 keV O  + and  12 MeV O 3+ ion so as to simulate fission products and self ion. Sample temperatures under irradiation were measured by infrared radiation thermometer and were feed back to minimize beam heating effect. Irradiated samples were investigated with scanning electron microscopy (SEM), energy dispersive x-ray spectroscopy (EDS), raman spectroscopy and x-ray diffractometry (XRD).
Results and Discussion
Morphology. Fig. 1 Fig. 1(b) , the etched grain boundaries resulted in the initiation of cracking, probably because of insufficient annealing at grain boundaries and relatively higher cooling rate upon the end of irradiation. Some of etched regions grew into micrometer-scale dents at higher temperatures. Embossed features, typically 200 nm in diameter, found above 388 K. the features are presumably attributable from self-organization through competitive reaction such as sputtering and surface diffusion. Grain boundaries also evident Fig. 1 is that the etching was recovered at 1003 K, suggesting remarkable bulk diffusion of point defects above 900 K. Fig. 2 shows fluence dependence of the surface morphology in CeO 2 irradiated at 388 K. Grain boundary etching, dents and in-grain cracking were observed. Dents were expanded with increasing fluence. Circular cracking along embossed features and oblong cracking were observed in Fig. 2(b) and (c). These phenomena can be consistently described with the mechanism as discussed previously. Further irradiation at the temperatures finally leads to exfoliation as shown in Fig. 2 
(d) because incident ions accumulate at the depth of ion range (approximately 60 nm).
For simulating accumulation of fisson products, Xe ion implantation was performed to the fluence of 2.5×10 17 ions/cm 2 at 1003 K. Fig. 3 showed that (a) Secondary electron image and (b) EDS spectrum image taken with Xe-L line. Black dot features were observed. Comparing with the ion range of secondary electrons, one can conclude the features are embedded underneath of surface and attributable with Xe bubbles. Blistering which is one of main ion-irradiated surface effect was not observed at this temperature. on the contrary, in the sample irradiated to the fluence of 5.5×10 17 ions/cm 2 at 388 K, flaking was observed as shown in Fig. 4 . 
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Based on the discussion in Fig.1 and 2 , diffusion of point defects is less effective at 388 K, the implanted xenon ions are also thought to the non-diffusive and accumulate at the depth of ion range (60nm). + irradiation effect of implantation became evident at high temperature, therefore the F 2g peak position appeared at relatively high wave number. The implantation effect obviously becomes less at high energy irradiation as shown in Fig. 5(b) . Lower frequency variations are reported to result from effect of oxygen vacancies [7] . A higher sputtering rate by 300 keV Xe + causes for those results and its variation corresponds with surface morphology by SEM observation. Continuous variation toward lower frequency at 773 K indicates accumulation of vacancies. Recovery of oxygen vacancies is evident under irradiation at 1073 K. . It increased at the beginning of irradiations followed by gradual decrease.
The phenomena observed through Raman spectra and XRD can be described as follows. At the early stage of irradiation below 773 K preferentially oxygen vacancies accumulate besides oxygen interstitial are diffusive. Diffusion of oxygen vacancies becomes sufficient at 1073 K. Effect of cerium displacement and its diffusion is indispensable to heavy ion irradiation and is attribute to surface morphology change. 
